Purpose-Recent national trends show decelerating declines in heart disease mortality, especially among younger adults. National trends may mask variation by geography and age. We examined recent county-level trends in heart disease mortality by age group.
Introduction
Over the past 40 years, heart disease mortality in the United States has declined sharply across race, gender, and age groups [1, 2] , with similarly strong declines occurring at the county level [3, 4] . Recent national trends, however, indicate a slowing and even slight increase in heart disease mortality [5] [6] [7] . These slowing declines appear to be the most prominent among young adults [2, 6] , a group that has also recently experienced increased all-cause and stroke mortality [8] [9] [10] .
Prior studies of age-specific declines in heart disease mortality in the United States have focused on national trends, potentially masking changes in local age-specific patterns. Local trends, which have historically been strong but varied [3, 4] , can provide important insights into potential drivers of population shifts in heart disease mortality and inform the development of tailored interventions. Therefore, using a period of marked leveling of national declines (2010-2015) [5] , we examined recent county-level heart disease mortality trends by age group.
Methods
We obtained annual counts of county-level heart disease deaths during 2010-2015 from the National Vital Statistics System. Deaths with underlying causes of "diseases of the heart" were identified with the International Classification of Diseases, 10th revision (ICD-10) (codes I00-I09, I11, I13, I20-I51), including: rheumatic heart disease, hypertensive heart disease, ischemic heart disease, and pulmonary heart disease. The study population included residents of the 3098 counties in the continuous US, ages 35-74 years, stratified by age group (35-44, 45-54, 55-64, and 65-74 years). We chose this age range to reflect premature, largely avoidable, deaths due to heart disease [11] . All counties were included. We used US Census intercensal estimates for annual county-level population counts [12] .
We estimated the rates of heart disease mortality using a Bayesian multivariate space-time conditional autoregressive model. Details of this model have been previously described [13] . Briefly, this model is based on the popular Besag-York-Mollié conditional autoregressive model for spatially referenced count data [14] . It incorporates correlation across space, time, and age group. By iteratively estimating parameters and borrowing strength from spatially, temporally, and age-adjacent groups, these models generate precise, reliable rates even in the presence of small case counts and small populations [3, 13] . We fit this model with a Markov chain Monte Carlo (MCMC) algorithm using user-developed code in the R programming language.
We estimated national and county-level heart disease mortality rates for all ages (ages 35-74 years combined) and each age group as the medians of the posterior distributions defined by the MCMC iterations. National values for rates and percent change were calculated using the sums of county-specific deaths and populations, and are therefore skewed toward high population counties. To describe the distribution of rates and percent change across counties, we report median county-level values, which are unweighted by county populations. National and county-specific overall rates for ages 35-74 years combined were agestandardized to the 2000 US standard population.
We estimated relative percent change in national and county-level rates from 2010 through 2015 using Poisson regression, rather than using differences in rates between 2010 and 2015. Using rates generated by each MCMC iteration, separate regression models were run for each county using rates for all 6 years for the given county. Relative percent change was calculated as 100 (e 5β −1), where β is the county-specific (or national) median coefficient for the year variable from the MCMC iterations, and five represents number of between-year intervals in the study period.
To further explore geographic and spatial patterns, we mapped relative percent change in mortality rates and 2015 mortality rates by county. Moreover, we compared percent change across quintiles of county-level heart disease mortality in 2010 and across urban/rural status using the National Center for Health Statistics' 2013 urban-rural classification scheme [15] .
Results
Nationally, from 2010 to 2015, age-standardized heart disease mortality for ages 35-74 years declined slightly with a percent change of −1.6% (133.0 to 130.9 per 100,000 in 2010 and 2015, respectively) ( Table 1 ). Nationally, rates slightly declined among adults at ages 35-44, 45-54, and 65-74 years, and increased among adults at ages 55-64 years.
In contrast to the national trends, at the county-level, from 2010 through 2015, the majority of counties experienced increases in heart disease mortality rates: 52.3%, 58.5%, and 69.1% of all counties among ages 35-44, 45-54, and 55-64 years, respectively ( Table 2 ). Even in the oldest age group (65-74 years), 42.0% of the counties experienced increases. The magnitudes of the increases varied by age group, with roughly 1 in 5 counties in the 3 youngest age groups experiencing an increase of at least 10% (23.0%, 19.4%, and 29.3% of all counties among ages 35-44, 45-54, and 55-64 years, respectively; Fig. 1 ).
With the exception of ages 45-54 years, increasing rates were most prevalent among counties with the highest rates in 2010 (62.4%, 80.0%, and 46.5% of counties in the top quintile of 2010 heart disease mortality for ages 35-44, 55-64, and 65-74 years, respectively, compared with 42.9%, 69.1%, and 42.0% of counties in the bottom quintile) ( Table 2 ). For ages 35-74 years combined, 62.3% of counties in the top quintile of rates in 2010 experienced increases, compared to 46.1% of counties in the bottom quintile of 2010 rates.
All age groups exhibited similar spatial patterns of county-level heart disease mortality rates in 2015, with the highest rates concentrated in a band stretching from Georgia through Oklahoma and extending through Appalachia (Fig. 1) . Spatial patterns of increasing heart disease mortality were generally dispersed throughout the United States and not confined to counties with the highest rates. These patterns varied somewhat across age groups. However, increasing heart disease mortality rates varied markedly by urban-rural status (Table 2) . Across all age groups, increasing rates were least prevalent in large central metro counties (40.6%, 34.4%, 50.0%, and 20.3% for ages 35-44, 55-64, and 65-74 years, respectively). Increasing rates were most prevalent in counties outside of large metropolitan areas, where, for all age groups except ages 65-74 years, a majority of counties experienced increasing heart disease mortality.
Discussion
This study of county-level trends in heart disease mortality from 2010 to 2015 reveals geographically dispersed, local increases across age groups. These trends, which have been masked in prior studies using national data and wider age groups [2, 6] , vary in magnitude across counties and age groups. However, given the strong, consistent declines that have occurred since the 1970s, any leveling or increase in heart disease mortality is noteworthy [4, 5] . Our findings suggest that the warnings issued about the potential implications of stagnating heart disease mortality among young adults during the latter part of the last century appear to have come to fruition [16] , with over 50% of counties experiencing increases in heart disease mortality from 2010 through 2015 among adults aged 35-64 years. These county-level increases in heart disease mortality occurred within the context of increases in the prevalence of obesity and diabetes over the past 2 decades [17, 18] , and recent increases in national all-cause and stroke mortality, including increases in similar age groups [8] [9] [10] . The observed widespread increases in heart disease mortality among this working-age population are concerning, as these largely avoidable deaths are often attributable to a lack of preventive health care or of timely and effective medical care and to insufficient access to or adoption of heart-healthy behaviors [11] .
Given the widespread nature of these increases, three sets of counties are particularly noteworthy. First, for each age group, a large percentage of counties with already high heart disease mortality experienced increases from 2010 through 2015. Should these trends continue, the magnitude of geographic disparity among counties will increase. Second, increases in heart disease mortality were more prevalent outside the large metropolitan areas. Specifically, increases were focused in medium and small metropolitan areas and in rural counties, which could lead to a widening of the urban-rural disparity that began in the mid-2000s [19] . Finally, many counties well outside the belt of high-burden Southern counties [4] experienced increased heart disease mortality, raising questions about the nature and pervasiveness of conditions responsible for increasing heart disease mortality. Are the conditions contributing to increased heart disease mortality similar across regions and across age groups? What can we learn from those resilient counties in which heart disease death rates continued to decline for the various age groups? Given the paucity of county-level risk factor data by age group, answers to these questions are challenging, requiring further study, and the use of novel study designs and data sources.
The common experience of increasing heart disease mortality for many counties throughout the country suggests that reversing these trends will require addressing both primary and secondary prevention of heart disease mortality at the individual, community, state, and national levels. Previous studies have concluded that prevention and treatment are both responsible for past declines [20] . Primary prevention of heart disease includes healthpromoting activities that can occur both within and outside of the traditional health care system. The latter may represent an key opportunity for reaching younger, working-age individuals, who may underutilize effective preventive health care [7, 21] . A focus of primary prevention on younger adults also represents an opportunity to reduce the cumulative negative effects of heart disease risk factors [22, 23] . Similarly, focusing primary prevention efforts outside of large urban counties may be important as populations in these counties often have lower prevalence of healthy behaviors [24] .
For secondary prevention of both heart disease events and risk factors, communities and the health care and public health systems may require a renewed focus on the diagnosis and effective treatment of heart disease risk factors, including tobacco use, diabetes, obesity, hypertension, and hyperlipidemia, especially among younger age groups. Enhancing secondary prevention will require younger adults to engage with the health care system, preparing both for the increased health care needs of an aging population. These same efforts, when focused outside of large urban centers, will need to overcome lower access to care in these communities [25, 26] .
The observed disparities suggest that any proposed solutions to reverse these trends should strive for equity across both geography and age. This may include implementing broader policies and strategies to support heart-healthy lifestyles, such as healthy institutional food procurement, comprehensive tobacco control programs, healthy community designs, and access to and use of effective health care services.
A key strength of this study is its application of a fully Bayesian spatiotemporal model to national surveillance data. By borrowing statistical strength across adjacent counties and years, this model estimates rates that are more precise than other statistical methods, even in counties with small populations and numbers of deaths [3] , thereby permitting the inclusion of all counties. In addition, this analysis used national vital statistics data that include all recorded deaths.
A limitation of this study is that these data are based on non-validated death certificates. However, their use for surveillance at the aggregate level is valid [27] . Local variation in reporting heart disease as the underlying cause of death represents a potential source of bias, but using the broad ICD category (diseases of the heart) rather than subgroups or specific diagnoses reduces the potential for this misclassification [27, 28] .
Conclusions
After over 40 years of declines at the national and county levels, the observed increases in heart disease mortality at the local level and by age group represent a challenge to individuals, communities, and the entire country. Enhanced prevention and treatment efforts tailored to the needs of communities are vital to prevent heart disease mortality, including an enhanced focus for younger, working-age adults, and for less urban areas. County-level heart disease mortality rates* and percent change † by age group, United States, 2010-2015. *Heart disease death rates for 2015 are categorized by sextiles based on the distribution of county rates for each age group. †Percent change in heart disease death rates are categorized using a common classification across age groups. The percent of counties within each category is shown in parentheses in the legend. 
